Abstract The Denmark Strait Overflow (DSO) contributes roughly half to the total volume transport of the Nordic overflows. The overflow increases its volume by entraining ambient water as it descends into the subpolar North Atlantic, feeding into the deep branch of the Atlantic Meridional Overturning Circulation. In June 2012, a multiplatform experiment was carried out in the DSO plume on the continental slope off Greenland (180 km downstream of the sill in Denmark Strait), to observe the variability associated with the entrainment of ambient waters into the DSO plume. In this study, we report on two high-dissipation events captured by an autonomous underwater vehicle (AUV) by horizontal profiling in the interfacial layer between the DSO plume and the ambient water. Strong dissipation of turbulent kinetic energy of O(10 26 ) W kg 21 was associated with enhanced small-scale temperature variance at wavelengths between 0.05 and 500 m as deduced from a fast-response thermistor. Isotherm displacement slope spectra reveal a wave number-dependence characteristic of turbulence in the inertial-convective subrange (k 1=3 ) at wavelengths between 0.14 and 100 m. The first event captured by the AUV was transient, and occurred near the edge of a bottom-intensified energetic eddy. Our observations imply that both horizontal advection of warm water and vertical mixing of it into the plume are eddy-driven and go hand in hand in entraining ambient water into the DSO plume. The second event was found to be a stationary feature on the upstream side of a topographic elevation located in the plume pathway. Flowtopography interaction is suggested to drive the intense mixing at this site.
Introduction
The dense overflow water exiting the Nordic Seas across the sill in Denmark Strait is a major source of North Atlantic Deep Water (NADW) [Dickson and Brown, 1994] . The Denmark Strait Overflow (DSO) descends as a gravity plume along the Greenland continental slope and circulates cyclonically along the abyssal margins of the Irminger Basin toward the Labrador Sea [K€ ase et al., 2003] . The intense mixing of ambient water into the DSO plume transforms the plume waters on their way downstream, which constitute the deepest layer of NADW and hence the lower limb of the Atlantic Meridional Overturning Circulation (AMOC). Variability in Denmark Strait Overflow Water (DSOW) should therefore have a direct impact on the properties and strength of the AMOC. The AMOC plays an important role in the Earth's climate system as it transports about 1.3 3 10 15 W 5 1.3 PW of heat northward in the subtropical North Atlantic [Bryden and Imawaki, Twelve moorings equipped with a number of RDI Acoustic Doppler Current Profilers (ADCP), Aanderaa Recording Current Meters (RCM), Seabird SBE37 MicroCATs (MC; recording temperature, conductivity and pressure), and RBR temperature recorders were deployed in the main study area and carried out measurements for a period of 2 months (13 June 2012 to 6 August 2012). In this study, temperature and velocity records from the moorings M1 located in the middle of the main study area ( Table 1 ). Mooring M1 was equipped with four temperature recorders and six MC (54-194 m above the seafloor), and a 1200 kHz upward-looking The area shaded in light red shows a map based on a multibeam echo sounder survey carried out during cruise MSM21/1b (using red depth contours, respectively).
Journal of Geophysical Research: Oceans

10.1002/2016JC011653
ADCP (123 m above the seafloor, using 32 bins and a bin size of 0.5 m). The depth of all moored sensors is variable due to knock-downs of the mooring during strong current speeds. During these times pitch and roll reading of the moored ADCP stalled at high values (roll 226.88 or roll ! 28.88 or pitch 228.98 or pitch ! 26.58) and we expect the ADCP-inferred velocities to be not reliable. At the mooring site M2 velocity records were obtained by a RCM at 24 m above the seafloor (details in Table 1 ). Throughout the study ADCP-inferred current speeds refer to absolute velocities calculated based on horizontal (v x , v y ) and vertical (v z ) velocity components jṽj5 ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi v 2 x 1v 2 y 1v 2 z q , while for all other devices horizontal velocity components were considered only.
In total, 38 regular conductivity-temperature-depth/lowered ADCP casts (CTD/LADCP) and three yo-yo CTD/ LADCP casts were carried out in the main study area. The positions of the CTD/LADCP stations used in this work are shown in Figure 2 . A standard CTD SBE 9111 system equipped with a pressure sensor and two sets of temperature, conductivity, and oxygen sensors was used, sampling at 24 Hz. The conductivity and oxygen sensors were calibrated using water samples taken from Niskin bottles, resulting in very high accuracy data (salinity bottle-sensor deviation of 0.0014 rms). All salinities given in this work are reported on the practical salinity scale (PSS-78). The processed CTD profiles yield a vertical resolution of 1 dbar extending from the surface to approximately 10 m above the seafloor.
During all casts a LADCP system comprising two 300 kHz ADCPs was mounted on the CTD rosette system, with one device oriented upward and the other one downward, for measurements of vertical profiles of velocities. The data was processed following Visbeck [2002] with a vertical resolution of 10 m and an accuracy of 4 cm s
21
, and is constrained by the ship-ADCP.
AUV-Based Measurements
To a large extent, this study is based on observations of turbulence carried out aboard a horizontally moving AUV. The AUV Abyss-a REMUS 6000-was operated using the same setup as described by Tippenhauer et al. [2015] . A pumped Seabird 49 FastCAT CTD system measured hydrographic data at a frequency of 4 Hz, while the Paroscientific pressure sensor was operated at 1 Hz. In addition to the standard sensors, a MicroRider 6000 horizontal microstructure profiler (MSP) from Rockland Scientific Inc. was attached near the bow of the AUV (Figure 2 in Tippenhauer et al. [2015] ). In this setup, the MSP was equipped with two airfoil microstructure velocity shear probes and two fast-responding microstructure thermistors (FP07), both operating at 512 Hz [for more details see Tippenhauer et al., 2015] .
The AUV used a combination of three different navigation systems. The initial position of the vehicle prior to each dive is obtained by GPS and is used to align the Kearfott T-24 Inertial Navigation System (INS) at the sea surface. Once diving, the vehicle initially relied on the INS for navigation purposes. Within a distance of 200 m from the seafloor-which is where the AUV mainly operated-position information was obtained from the Doppler Velocity Log (DVL), a downward-looking ADCP operated in bottom track mode. In addition, the long baseline acoustic navigation (LBL) was used to further improve positioning. LBL relied on acoustic triangulation using three moored transponders positioned along a cross-slope section with a spacing of 4 km (Figure 2 ) in order to ensure that the AUV would be able to follow isobaths inside the LBL range with high accuracy. Journal of Geophysical Research: Oceans
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Corrections of the position data needed to be performed when the navigation system switched between the INS, DVL and the more accurate LBL systems. During the AUV missions position offsets between these systems ranged from few tens of meters to 440 m. All position data, which showed differences larger than 15 m between two consecutive points, were adjusted using an interpolation technique described by Schaffer [2013] .
The speed of the AUV over the ground can be calculated from the (corrected) positions of the AUV provided by the onboard navigation system. The speed of the AUV through the water can be calculated from the AUV propeller rotation rate. The propeller rotation rate has been kept constant throughout the dives and translates to a constant speed of the AUV of 1.6 m s 21 through the water-no matter whether the AUV went against the flow or in the direction of the flow. Thus any propeller-generated turbulence should not have a larger impact on our measurements, even when the AUV heads against the flow. The speed of the AUV through the water is equivalent to the flow past sensor. The absolute current velocity can be obtained from the difference of the AUV speed over the ground and the AUV speed through the water.
Data Processing and Calibration of AUV-CTD Sensor Data
The thermistor of the SBE 49 CTD (AUV-CTD) was used as a recursive conductivity filter to remove the differences in response times between the thermistor (response time less than 1 s) and the conductivity cell thermal mass error (roughly 19 s) [Johnson et al., 2007] . For the corrections, we relied on the equations and calibration constants as provided by the Seabird Software (Sea-Bird Electronics, 2012) for the SBE 49 CTD based on the experiments of Lueck [1990] .
The temperature and conductivity data measured by the AUV-CTD were subsequently smoothed using a butterworth low-pass filter with a cutoff frequency of 0.125 Hz. For a typical speed of the AUV through the water of 1.6 m s 21 , this translates into a spatial low pass filter with a cutoff wavelength of 12.8 m. With observations of small-scale variability being a core interest of this study, this cutoff represented a reasonable compromise between the need to remove high-frequency noise (particularly in salinity) and the need to retain sufficient energy in the turbulent regime as will be shown later.
The salinity measurements of the AUV-CTD system were corrected for an offset obtained by a comparison with the calibrated lowered CTD measurements. We assumed that temperature and pressure measurements of the AUV-CTD were accurate, so that deviations in H-S space between both systems can be used to correct salinity (conductivity) of the AUV system. Relying on 34 lowered CTD profiles, close to the AUV tracks, a timeindependent and depth-independent offset of DS 5 0.005 was added to all AUV-based salinities used in this study.
All AUV-CTD data were interpolated onto a time grid with a time step of 4 s, resulting in a spatial grid size of about 6.4 m.
Microstructure Data
The dissipation of turbulent kinetic energy (e) was computed from velocity shear data. Spectra of the velocity shear data (F) were integrated by assuming isotropic turbulence [Taylor, 1935; Oakey, 1982] . Isotropy may be assumed if e > 200 Á mN 2 , with N being the buoyancy frequency and m the kinematic viscosity [Gargett et al., 1984; Yamazaki and Osborn, 1990] . The buoyancy frequency (N 2 54310 25 s 22 , in the interfacial layer) and kinematic viscosity (m < 1:82310 26 m 2 s 21 ) were determined from CTD profiles.
Hence, isotropy may be assumed for dissipation rates exceeding 10 28 W kg 21 .
The dissipation rate of turbulent kinetic energy (TKE) is commonly computed invoking the assumption that F has the shape of the universal Nasmyth spectrum, which was determined by Nasmyth [1970] and reported by Oakey [1982] . The dissipation rate is estimated by integrating these spectra. The methods of computing horizontal wave number shear spectra, reducing the noise induced by vibrations from the propeller and rudder systems of the AUV, as well as finding appropriate limits for the integration of shear spectra are described by Tippenhauer et al. [2015] . The contamination from the propeller induced TKE on our dissipation rates is small because the microstructure profiler is placed at the AUV's nose while the propeller induces turbulence at the stern of the AUV. As described in more detail in Tippenhauer et al. [2015] , the influence of the vibrations can be reduced by using a filter developed by Goodman et al. [2006] . Using this filter, the spectra can be sufficiently ''cleaned'' from contaminations such that the dissipation rate can be computed by integrating the spectra [Tippenhauer et al., 2015] .
The noise level for our data set was estimated to be about dissipation rates computed from the individual shear probes were in good agreement, therefore we use dissipation rates from only one of the shear probes for our analysis.
The two fast-response thermistors were used to analyse the temperature fine structure related to turbulence. The temperatures of the two fast-response thermistors showed a correlation of r ! 0.9993. In comparison with temperature measurements from the calibrated regular AUV-CTD (i.e., SBE49), offsets of 4.3 and 3.98C were observed. The time series of the fast-response thermistors were corrected for the offsets applying linear regressions of the two signals to the signal of the AUV-CTD.
AUV Missions
In total, eight AUV dives were completed inside the main study area in June 2012. During all missions the AUV was programmed to dive at constant depth levels along straight legs approximately parallel to chosen isobaths with a constant speed of 1.6 m s 21 through the water to capture horizontal property changes on scales down to a few meters. Structures larger than 12 m are resolved by the low-passed ''slow'' SBE49 CTD, whereas structures smaller than 12 m should be resolved by the fast thermistors, i.e., fine-scale changes in salinity are not detected. Five of eight dives were carried out successfully. Aborts on three dives were caused by strong counter currents the AUV experienced in the DSO plume, which made the AUV fail to reach its waypoints on schedule.
In this study, we present measurements collected during AUV dives A and B only ( Figure 2 and Table 2 ), where both the hydrographic variability and the dissipation rates were observed to be enhanced. Periods when the AUV changed its heading direction (in order to turn around) or accelerated to move from one depth level to the next upward, have been discarded in this study. Thus, only data from the straight legs at constant depth are considered.
During dive A the AUV carried out measurements approximately along the 1480 m isobath at the Greenland continental slope (Figure 2 ) resolving the plume on seven depth levels between 50 and 300 m above the flat ground (Table 2 ). Dive B was carried out for the duration of 5 h at a constant depth level of 91 6 1 m above the seafloor in the interfacial layer between the plume and ambient water, i.e., on the upper boundary of the plume, as will be shown later (Figure 4 ). Heading toward northeast (i.e., against the DSO plume), the AUV was approximately following the 1460 m contour line of the Greenland continental slope and covered a 17 km long horizontal profile above the seafloor corresponding to a distance of 28.8 km through the water (Figure 2 ).
Methods: Isotherm Slope Spectra
The aim of our study is to link mesoscale and submesoscale variability in the DSO plume to amplitudes of variability on spatial scales much smaller than those, i.e., to three-dimensional isotropic turbulence. Ultimately, this might represent a way forward in understanding the processes underlying the conversion of energy from larger scales to those on which kinetic energy is finally dissipated. Based on the fact that turbulent motion generates small-scale fluctuations in scalar properties, spectra of scalar properties in the ocean such as temperature may be used in order to distinguish between different regimes and amplitudes of turbulence [Klymak and Moum, 2007a] . In this context, an advantage of horizontal profiling of temperatureas performed by the AUV-over vertical profiling is, that the signature of turbulence extends to larger scales in the horizontal domain than in the vertical one [Klymak and Moum, 2007b] . In order to resolve small-scale temperature fluctuations, we will analyze both, data from the standard AUV-CTD system and from the more sensitive fast-response thermistor (FP07) operated in the MSP aboard the AUV. We followed the procedure described by Klymak and Moum [2007a] to compute isotherm slope spectra (F df=dx ) from the horizontal measurements of temperature, with f representing the vertical isotherm displacement and df=dx the horizontal slope thereof. The computation of displacement spectra yield the advantage, that the measurements obtained in different background stratifications become more comparable than when using temperature spectra. This procedure is also preferable for the computation of dissipation rates of turbulent kinetic energy from temperature data [Klymak and Moum, 2007a] . In addition, F df=dx allow for a much better (visual) discrimination between both the different subranges of turbulence and the internal wave range than the more common horizontal temperature spectra. From theory we expect to find the slopes of the isothermal displacement slope spectra of the internal wave range, and the turbulent inertial-convective and inertial-diffusive subranges to exhibit wave number (k2) dependencies of k 21 to k 0 , k 1=3 , and k 1 , respectively [Klymak and Moum, 2007a] .
To compute F df=dx , the horizontal temperature records were transferred from the time domain to distance (through the water) using the constant velocity of the AUV through the water (i.e., 1.6 m s 21 ). Based on these, temperature wave number spectra were computed using 2850 m and 180 m long segments for the AUV-CTD and the MSP fast-response thermistor data respectively, with an overlap of 50%.
Subsequently, the temperature spectra were transformed to isotherm slope spectra by
following Klymak and Moum [2007b] . The background temperature gradient ðdT=dzÞ 2 was computed over a vertical scale of 50 m individually for each segment based on lowered CTD profiles carried out close to and during each of the AUV legs.
Although the AUV had been programmed to dive at constant depth levels, small variations in the depth values (e.g., standard deviation of 0.2 m and maximum amplitudes of 1.4 m along dive B) were observed. This it two to three orders of magnitudes smaller compared to typical isotherm displacements on top of the DSO plume, as will be shown later (Figures 5b and 8) . Nonetheless, the upward and downward motion of the vehicle may cause artificial temperature fluctuations not related to isotherm displacements. In order to test the degree of contamination of F df=dx by vertical displacements of the AUV, the AUV-based depth (pressure) data are used. The depth spectrum (which describes the variance distribution of vertical AUV displacements) was multiplied by ð2pkÞ 2 to obtain the displacement slope spectrum (F dz=dx ) of the AUV, which can be directly compared to F df=dx . It turned out that F df=dx is at least one order of magnitude larger than 
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F dz=dx for the entire wave number range of the spectra (not shown). Therefore, the contamination of F df=dx by vertical movements of the AUV can be considered to be negligible in this study.
Results
AUV Measurements in the Interfacial Layer Above the DSO Plume
The dense DSO plume can be seen in Figure 3 , representing cross-slope hydrographic and current sections acquired in June 2012 aboard R/V Maria S. Merian; additionally included is the overflow plume location for a subsequent cruise in August 2012 with R/V Poseidon (see maps in Figures 1 and 2 ). In August 2012 the plume covered a broad bottom layer and dense water was also present on the continental shelf which was not the case in June 2012. This exemplifies that the horizontal and vertical extent of the plume is highly variable.
In agreement, repeated CTD/LADCP profiles taken in the main study area ( Figure 2 ) within nine days show the cold, well-mixed core of the DSO plume with a thickness ranging between 30 and 130 m (Figures 4a and 4b) . Within the bottom mixed layer the potential temperature varied by more than 28C and the salinity by about 0.1 between the different profiles. Maximum current speeds cover the range from 0.4 up to 1.1 m s 21 (Figure 4c ). Above the mixed layer, strong vertical temperature and velocity gradients indicate the interface between the DSO plume and the ambient water.
A striking feature of the velocities in the study area is that they exhibit not only a time mean bottomintensified flow, but the time variable motions are also bottom-intensified. This can be seen by a positive correlation between the velocity within the core and the vertical gradient of horizontal velocity above it ( Figure 4e ). On time scales shorter than 9 days the core velocities may therefore be largely modulated by baroclinic, bottom-intensified motions. This observation may have important implications for the impact of mesoscale variability on the entrainment of ambient water into the plume, as discussed later. 
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From the CTD/LADCP profiles taken during the AUV missions A (CTD profiles 117, 121) and B (CTD profiles 182, 184, 185) , it can be seen that both the leg of dive B and some legs of dive A taken near 100 m above the seafloor were (intentionally) located inside of the interfacial layer above the well-mixed DSO plume (Figures 4a-4c ). In the following we study the AUV-measurements in the interfacial layer in more detail. In general, all hydrographic data obtained along the track are contained in the typical range of DSOW with potential densities ranging between 27.87 and 27.97 kg m 23 (Figures 5a and 6 ). However, strong deviations from a straight line in H-S space are observed, which indicate that at least three different source water masses are required to explain the observations. The evolution of the water mass properties indicates a gradually increasing contribution of low-salinity East Greenland Current waters within the DSO plume during the first half of the dive ( Figure  6 , from blue to green colors), while during the second half of the dive a shift to more warm and saline Atlantic water can be seen [cf. Jochumsen et al., 2015] . The temperature and salinity changes do not compensate each other entirely in terms of density ( Figure 6 ). The observed temperature fluctuations dominate density variations at distances from 6 km onward. This is true both for the highfrequency variations and the more gradual changes. Salinity variations instead appear to dominate density variations between 0 and 6 km. H-S properties from lowered CTD casts carried out during the dive ( Figure 6 , diamonds) are in agreement with those obtained by the AUV-CTD.
Measurements Near the Edge of an Energetic Eddy
Lowered CTD/LADCP profiles ( Figure  4 ) carried out during AUV dive B show strong changes in the hydrographic properties and plume velocities supporting the AUV-based observations. As will be discussed later, these changes are thought to correspond to the passage of a mesoscale eddy. The temperatures in the bottom mixed layer of the plume rise along the upstream path taken by the AUV from 0.1 to 18C, while the salinity remains roughly constant at S 5 34.92 (Figures 4a and 4b) . The plume velocities differ greatly: at the downstream profile 182 the core velocity is 0.5 m s 21 compared to 1.1 m s 21 at the upstream profiles 185 (Figure 4c ). The profiles clearly show the strong decline of the velocity outside of the bottom plume and no indication for a surface signature corresponding to an increase in plume speed (Figure 4e ).
Ri Numbers
At profile 184, we observe strong temperature fluctuations ( Figure 4a ) and a strong vertical shear in horizontal velocities in the interfacial layer (Figures 4c and 4e À Á1 2 in order to exclude turbulent motion. Based on the stratification and dissipation rates measured in the DSO plume from lowered CTD profiles and AUV-based microstructure measurements respectively, we calculated typical Ozmidov scales (ranging between 6 and 32 m). By this a 30 m running mean was applied to N 2 and S 2 v to subsequently compute Ri numbers based on lowered CTD/LADCP measurements. Within the interfacial layer we observe critical Ri numbers less than 0.2 about 90 m above the ground at profile 184 (Figure 4d ). The value of Ri being smaller than 0.25 indicates that the velocity shear (obtained on a 30m scale) is strong enough to generate turbulent mixing across the density gradient. This indicates that exactly here, entrainment of ambient water is going on. This CTD/LADCP cast was taken at the same time and in the vicinity of the AUVbased measurements of enhanced dissipation rates (Figure 5c ) and during the passage of an eddy (as will be shown below).
Small-Scale Temperature Variability
The simultaneous occurrence of high-frequency temperature fluctuations (0.28C rms) and enhanced dissipation rates of O(10 26 ) W kg 21 observed during the second half of dive B (Figures 5a and 5c ) can be expected to induce pronounced heat fluxes across the interfacial layer into the core of the DSO plume. In the following, we analyze the temperature variances and scales of variability in more detail. By using the fastresponse thermistor from the MSP rather than the AUV-CTD record we can extend shortest resolved time scales to 0.02 s corresponding to spatial scales of 3.2 cm. Although our measurements are not capable to resolve scales where kinetic heat is turned into heat, they can resolve the energy transition between internal waves and turbulence.
Wavelet analysis of the fast-response thermistor temperature time series obtained during AUV dive B reveals the largest temperature variance density of O(10 22 ð CÞ 2 s 21 ), between 10 and 14.5 km (Figure 7b ).
Here the amplitude of temperature variance is three orders of magnitude higher than that of the background signal (present between 0 and 4 km of the AUV dive). The variance is dominated by fluctuations found on wave numbers between 0.002 and 20 cpm (corresponding to wavelength between 0.05 and 500 m, and time scales of 0.03 s to 5 min) while it is two to three orders of magnitude smaller during the first part of the AUV dive, i.e., before 10 km.
In order to analyse spatial scales that correspond to the turbulent subranges, which has not been done for the DSO plume before, we calculated isotherm slope spectra (Figure 7c) . We use the spectra not only to ). On the left, the additional axes give the corresponding wave numbers in cpm. The black dashed line indicates the cone-of-influence [Torrence and Compo, 1998 ]. (c) The isotherm slope spectrum (F df=dx ) of each segment is calculated from the fast-response thermistor (light blue, green, and orange lines) and the AUV-CTD (dark blue, brown, and red). The black dashed lines show the expected slopes of the equilibrium spectra in the internal wave range (k 21=2 ), the inertial-convective subrange (k 1=3 ), and the inertial-diffusive subrange (k 1 ) of turbulence, respectively. The wave numbers correspond to distance through the water (as opposed to distance above the ground).
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describe temperature variance wave number characteristics but also to find indications for the presence of internal waves, and to figure out whether a transition between internal waves and turbulence is observed. We compared three different segments of AUV dive B. The segments A, B, and C were chosen to capture temperature fluctuations associated with weak, moderate, and strong turbulent dissipation (Figures 7a and  7b) , respectively. F df=dx computed using the fast-response thermistor data of the MSP looks almost identical to that obtained by the AUV-CTD temperature time series for k < 0.04 cpm (Figure 7c ). The dropoff in the spectra based on CTD-temperatures is in part artificially caused by the low-pass filter we applied at k > 0.08 cpm. The spectra derived from the fast-response thermistor extend to much higher wave numbers and are therefore more suitable to distinguish the turbulence subranges.
Isotherm slope spectra derived from the fast-response thermistor data display the largest variance levels in segment C and the lowest ones in segment A. This agrees with the amplitudes of dissipation rates in the segments, respectively (Figure 5c ). The shapes of the spectra from the segments B and C are very similar to one another. In contrast, the shape of the least energetic segment A shows a different shape toward the shortest and longest extend of the wave number range. In the range from 0.01 cpm k 7 cpm (corresponding to wavelengths of 100 to 0.14 m) the slopes are largely consistent with those of the inertialconvective subrange of turbulence (parallel to k 1=3 ) [Klymak and Moum, 2007a] for the energetic segments B and C (Figure 7c ). The inertial-convective subrange of turbulence for the least energetic segment A extends from 0.04 to 3 cpm. For k > 10 cpm, the energy drops off in all spectra. Based on theory [Klymak and Moum, 2007a] , we expect the spectra to show a transition to the inertial-diffusive subrange (parallel to k 1 ) at higher k. No indication for the presence of the k 1 dependence at k > 3 cpm is found for segments B and C. For the least energetic segment A, a weak indication of the presence of the inertial-diffusive subrange of turbulence between 3 and 8 cpm is found, in the sense that the slope first increases before the dropoff. In the low wave number limit we expect the spectra to make a transition to the internal wave subrange (proportional to k 21=2 ). We find indication of the k 21=2 dependence at k < 0.04 cpm in segment A and possibly even in segment B, however not in the most energetic segment C. We will return to these aspects in the discussion (section 4.1).
(Sub)Mesoscale Variability
The role that eddies play in laterally entraining warm ambient water into the DSO plume has been highlighted by Voet and Quadfasel [2010] . It is thus worthwhile to look in more detail at the interplay between mesoscale eddies, plume-ambient water exchange and diapycnal mixing based on the turbulent event encountered during dive B. We start by describing the DSO plume conditions in the work area based on moored measurements. Figure 8 . Moored time series of (a) absolute current velocity (v abs ) from the ADCP at mooring site M1 and RCM at mooring site M2, and (b) potential temperatures (H) at mooring site M1. The depth of all moored sensors are variable due to knock-downs of the mooring during strong current speeds and we expect the ADCP-inferred velocities to be not reliable (gray lines in the velocity record, plot a). In Figure 8b , the time evolution of potential temperatures is obtained by vertical interpolation between 10 temperature sensors of the M1 mooring (see Table 1 for instrument details). Here we marked the ADCP depth (black line), the 28 isotherm (white line) and the periods of strong eddy events (red bars).
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The ADCP-based velocity time series at the central mooring M1 (see map in Figure 2 for the position of the mooring) frequently shows values between 0.8 and 1.1 m s 21 (Figure 8a ). Apart from a weak peak caused by the semidiurnal tide, spectral analysis revealed a much more pronounced peak at a period of 1.6 days (not shown). This peak is associated with the passage of mesoscale eddies [e.g., Voet and Quadfasel, 2010] . The moored time series recorded by the RCM further upstream and upslope at M2 (Figure 2) shows less pronounced peaks in velocity, but the mean absolute velocity is larger, i.e., 0.60 6 0.14 m s 21 in comparison to 0.46 6 0.26 m s 21 at M1. The observations of mean current velocities suggest, that our mooring site M1 is located on the downslope side of the DSO plume, which is also expected by its position at the 1420 m isobath (Figures 1 and 3) . The larger standard deviations found at M1 cannot be explained by meandering motions of the plume but rather indicate the regular passage of eddies on the downslope side of the DSO plume.
We like to point out, that the observed differences in current velocities partly result from varying instrument depth. The RCM is installed at about 24 m above the ground, i.e., within the plume during the whole moored record. In contrast, the ADCP is knocked down regularly during enhanced current speeds resulting in varying depth levels of the instrument between 75 and 125 m above the seafloor (Figure 8 ). Consequently, due to temporal changes in the ADCP depth but also in the plume thickness, the ADCP records velocities within the plume, within the interfacial layer, and within the ambient water at different times of the mooring record (Figure 8b ). mooring locations. We suggest this can be explained by an energetic mesoscale eddy being advected by the DSO plume. The eddy may cause both, the strong increase in current speeds and the enhanced levels of turbulence. The AUV traveled from the central mooring M1 toward the upstream site M2 at the same time ( Figure 9a) . Thus, the AUV should have captured the same signal as observed by the moored devices. However, the AUV should observe a stronger velocity change rate (dv=dt), because it traveled against the direction of the propagating eddy. The observations agree with these expectations (Figure 9a ).
The passage of an eddy should be reflected by a change in the direction of the flow. Indeed, the measurements at M1 indicate that the plume velocities turned toward the shelf during the increase in current speeds on 20 June (Figure 9c ). In contrast, earlier on 20 June, from 0:00 to 10:00 UTC, the velocities show a decrease in current speeds from 0.9 to 0.4 m s 21 and an offshore component. The decrease in current speeds between the offshore and onshore velocities is indicative for the passage of a cyclonic eddy and cannot be explained by meandering motion of the plume. Vectors from the RCM located further upslope at M2 (see Figure 2 ) and close to the seafloor (24 m) show a similar behavior but 10.5 h earlier (Figure 9b ). During the time of intensified flow (19 June, 15:00 UTC until the end of the record) the moored temperature data show a thickening of the DSO plume, as suggested by the presence of water with temperatures lower than 28C (Figure 9d ). Coinciding with the onset of stronger flow (most likely caused by the trailing edge of the eddy) high-frequency variability is seen in the pressure records of the moored sensor at M1 between 17:00 and 23:00 on 20 June (Figure 9d ). This suggests the presence of high-frequency velocity fluctuations. At the same time moored temperature data show the intrusion of warmer water into the DSO plume ( Figure  9d ). This is consistent with the AUV observations ( Figures 5 and 7) . Our interpretation thus is that the AUV was launched inside the eddy in relatively low velocities and subsequently traveled upstream toward the trailing edge of the eddy (illustrated in Figure 10 ). During the transition from low to high plume velocities associated with the downstream translation of the eddy, enhanced dissipation rates and temperature variance were captured by the AUV (Figures 5 and 7) . At the same time critical Ri numbers and an enhanced vertical shear of horizontal velocities were observed based on lowered CTD/LACDP profiles (Figures 4d  and 4e ).
We interpret this as follows: the eddy acts in exchanging water laterally between the plume and the ambient water, advecting warm water from offshore toward the plume area on its trailing edge ( Figure 9 ). The eddy-induced increase in flow speeds coincide with increased velocity shear and provides mechanical energy required for the enhanced dissipation, thus facilitating the mixing of the warm ambient water into the plume. We will come back to this interpretation in the discussion. (Figure 11 ) rotational effects most likely can be excluded (Rossby number R 0 5 10, nonrotating problem). The plume is therefore expected to flow over the hill rather than around it.
Evidence for Intense Mixing Across the Interfacial Layer Driven by Flow-Topography Interaction
While the AUV followed the 1475 m isobath during dive A it passed the northwestern part of this topographic elevation.
In the following, we analyze AUV-based measurements obtained during dive A with respect to this elevation. If found to be a mixing hotspot, isolated plume-topography interaction might represent an important mechanism of entraining warm ambient water into the plume. 3.3.1. Plume Hydrography, Dissipation Rates, and Current Speeds As revealed by Figure 11 , the horizontal AUV legs of dive A covered the vertical plume structure, i.e., (i) the dense, well-mixed core of the DSO plume (leg 2; cold and fresh (H % 0.58C, S 5 34.90), not shown), (ii) the interfacial layer featuring a strong density gradient (legs 1, 3, 4, 5), and (iii) the ambient water (legs 6, 7, 8; An intrusion of dense plume water into the more saline and warmer ambient water was found in the distance interval between 1.5 and 3.5 km, i.e., above the topographic elevation (Figure 11 ). Here also highly elevated dissipation rates peaking at 10 26 W kg 21 over a horizontal scale of 500 m and enhanced plume speeds can be observed. In order to distinguish whether the elevated dissipation rates and densities result from intrusions (entrainment) or simply arise from the plume flowing over the topographic elevation, we analyzed mean densities and dissipation rates obtained during AUV dive A with respect to height above Figure 11 . (a) Potential density, (b) dissipation rate, and (c) AUV-inferred current velocity observed during AUV dive A (12 June, 23:10 to 13 June, 9:50) at constant depth levels. The succession of starting points of the different legs is marked by the framed numbers, the arrows denote in which direction the AUV was heading throughout each leg. Gray shading denotes the bottom topography. In all plots, the horizontal axes show the horizontal distance of the AUV to the southwestern-most point of leg 6. Colored lines at the bottom of Figure 11a indicate distance intervals used in Figure 12 .
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the seafloor. We chose six 1 km long segments along the section (marked in Figures 11a ) covering different regimes with respect to the topographic obstacle. Segment A is located downstream the obstacle (0-1 km), segments B and C right at the obstacle on its downstream (1-2 km) and upstream side, respectively (2-3 km), and segments D, E, and F reside further upstream of the obstacle (3-6 km). Within each segment we derived mean properties along the corresponding AUV legs. The height above seafloor was derived from the difference between the mean depth of the AUV leg and the mean bottom depth within the corresponding segment. The results indicate that the higher densities penetrate well above the DSO plume into the water column in segment C, i.e., right above the upstream slope of the elevation (Figure 12a ). Within the same segment we observe enhanced dissipation rates of O(10 27 ) W kg 21 between 100 and 160 m above the seafloor (Figure 12b ). Since the fast flowing plume is less than 100 m thick prior to encountering the obstacle, we conclude that the elevated dissipation rates and densities in segment C are a result of intrusions driven by flow-topography interaction rather than simply a manifestation of the plume.
The cold and fresh intrusion is present along legs 1, 4, 5, and 6 ( Figure 11 ) although they were obtained up to 6 h apart from each other (Table 2) . Consequently, the localized turbulent patch was not advected downstream by the plume but kept its position on the upstream side of the hill for the duration of at least 6 h (advection by a moderate plume velocity of 0.4 m s 21 would have moved it downstream by 10 km in this time span). Downstream of the elevation, i.e., in the distance interval between 0 and 1 km, we did not resolve the vertical plume structure. Here, between 120 and 250 m above the seafloor the water is rather homogeneous throughout all legs (Figure 11 ).
LADCP measurements taken at the same time but slightly off from the AUV track and 2.8 km away from the topographic elevation (Figures 2 and 4) indicate an increase in plume velocities but we did not find indications of a change in current direction here (not shown). Thus our observations obtained during dive A are most likely not associated with the passage of an eddy. The AUV observations can be partly explained by the spilling of dense water over the top of the elevation. Nevertheless, this does not explain the enhanced dissipation rates reaching up to 160 m above the highest point of the elevation. Our results imply stationary, localized flow-topography interaction driving enhanced mixing at the upstream side of the obstacle. This aspect will be taken up again in the discussion.
Entrainment Rates
Based on the assumption that the observed turbulence upstream the topographic elevation was a stationary feature (over the duration of the dive), we calculate entrainment rates from our AUV measurements. The entrainment rate, w e , is defined as the temporal change in the bulk thickness, H, of the gravity current (w e @H=@t). Following Arneborg et al. [2007] it can be expressed by is the reduced gravity, w 0 and q 0 are turbulent fluctuations of vertical velocity and density, respectively, q 0 is the reference density, and g is gravity acceleration; the z axis is directed upward with z 5 0 at the seafloor. In the stably stratified interface layer of the gravity current the buoyancy flux can be expressed through dissipation rate by F b 5 0:2e [Osborn, 1980] , while in the neutrally stratified nearbottom mixed layer, where the potential density is vertically uniform, F b changes linearly with z (with F b 5 0 at z 5 0). In practice, instead of z 5 1 in equation (2) one has to take some z level above the gravity current, and the calculated value of w e is not expected to be highly sensitive to the choice of the upper integration limit due to relative smallness of e and @r H =@z above the gravity current. We computed the entrainment rate, taking F b 50:2e, by linear vertical interpolation between the measured dissipation rates and potential densities during AUV dive A. At the seafloor we set r H 5 28:029 kg m
23
, corresponding to near-bottom values along AUV leg 2, and F b 5 0. The data measured along AUV leg 7 were taken for the upper integration limit. To our minds, the main source of errors of the calculated entrainment rates lies in linear vertical interpolation between the measured dissipation rates, because the vertical profiles of e are known to be highly variable (patchy) due to turbulence intermittency [e.g., Paka et al., 2013] . For this reason, it is hardly expected that the accuracy of the w e estimates is better than one order of magnitude. Since we have no measurements at 50 m above the seafloor at distance intervals of 0-4 km and 9-10 km, the missing data were filled by the mean values of e and r H measured along AUV leg 2 between 4 and 9 km. The resulting entrainment rates yield values between 10 26 and 10 24 m s 21 and thus compare favorably with the ones calculated by Paka et al. [2013] based on vertical microstructure measurements obtained during the cruise in the same area between 13 and 20 June 2012 ( Figure 13 ). Entrainment rates immediately upstream of the elevation are larger compared to the mean entrainment rate of w e 5 3:8310 25 m s 21 computed by Paka et al. [2013] . However, they did not obtain dissipation measurements right at the obstacle, such that a direct comparison is not feasible. In contrast, the entrainment rates show up to 3 times smaller values away from the topographic elevation ( Figure 13) . Downstream of the obstacle, the entrainment rate is very small (Figure 13 ). Here the AUV was not sailing in the boundary layer of the overflow, but just in rather homogeneous ambient water above the plume. Thus, entrainment rates are likely underestimated here.
The entrainment rates based on our observations are not significantly greater than the estimated uncertainty. Nonetheless, if the pattern implied by our data is robust and entrainment rates increase near the obstacle, this implies that ambient water is entrained into the DSO plume due to flow-topography interaction at the 100 m high topographic elevation. This might be in agreement with the lower density values observed downstream of the elevation in the interfacial layer. No downstream AUV-based density observations were made within the plume, however, such that changes in plume properties can unfortunately not be documented.
Discussion
Enhanced Turbulence Driven by Mesoscale Motions
The observations presented in this study originate from a small area within the DSO plume near its offshore edge. We found two mechanisms promoting strong mixing in the interfacial layer above the plume, with Figure 13 . Entrainment rates (w e , thin red line) along AUV dive A in comparison to w e published in Paka et al. [2013] from the same study area but taken slightly upslope and upstream of AUV dive A (yellow shaded box). The thick red line gives the 500 m running mean (100 m overlap). Shown in blue is the water depth along the track interpolated based on the multibeam survey obtained during cruise MSM21/1b (see Figure 2) . The red squares show entrainment rates based on the vertical microstructure profiles described in Paka et al. [2013] ; the black dashed line indicates the mean, the dotted black line the upper and lower limits of all w e obtained from the vertical microstructure profiles.
Journal of Geophysical Research: Oceans
10.1002/2016JC011653
one interpreted as a transient mesoscale bottom-intensified eddy and the other relating to the interaction between the plume and a topographic obstacle with horizontal and vertical scales of less than 2 km and 100 m, respectively.
Several studies discussed that pulses of dense overflow water (called ''boluses'') can be associated with cyclonic eddies traveling with the DSO plume downstream along the East Greenland continental slope [e.g., Bruce, 1995; Spall and Price, 1997; K€ ase et al., 2003] . Recently, both the velocity and density structures and the frequency of cyclonic eddies on the East Greenland continental slope passing a mooring array near 338W-just 140 km downstream of our working area-were investigated by von Appen et al. [2014] . Their observations suggest the maximum frequency of the cyclonic eddies (0.5 per day) to occur just onshore of the onshore edge of the plume at the 900 m depth contour (mooring 4 of their array [2014] proposed that DSO cyclones cannot be directly related to surface signatures. Likewise we do not find evidence of a surface expression of the mesoscale features we observed. We believe that the eddy we observed shares common features with the eddies described by von Appen et al. [2014] , i.e., the eddies are cyclonic and have no surface expression. Nevertheless, most of the eddies described in von Appen et al.
[2014] occur onshore of the plume while our observed feature 140 km upstream is rather found offshore of the plume and shows higher core densities (see Figure  5a ). Our results connect the presence of a bottom-intensified mesoscale eddy with a dense bolus at depth. While both the onshore and offshore features reported by von Appen et al. [2014] and from this study, respectively, may possibly share the same mechanism of generation (vortex stretching of the plume), the different depth structure and location of occurrence (onshore versus offshore edges of the plume) suggests that the two features may actually not be linked.
Our observations suggest that the eddy we observed may foster entrainment in two ways. First, it promoted the advection of offshore warm water toward the plume. Second, as a result of the enhanced vertical shear of horizontal velocity associated with the eddy, Kelvin-Helmholtz type instabilities may have occurred to produce the observed intense vertical mixing. The role of mesoscale variability in the plume may therefore not just be restricted to lateral exchanges (i.e., the advection of warm water toward the plume), but may also extend to largely enhancing vertical mixing during times, when warm water is advected toward the plume. The significance of eddies for the entrainment will certainly not be restricted to the DSO plume. Observations obtained by Fer et al. [2010] in the Faroe Bank Channel overflow show dissipation rates of up to O(10 25 ) W kg 21 during the passage of an eddy.
We are aware, that our observations are restricted to the passage of one mesoscale feature, and more observations and analyses are required to understand the significance of our results for the overall water mass transformation of the plume. Our moored time series of temperature and velocity-extending over 1.5 months-suggest a fairly regular passage of eddies to occur every 1.6 days ( Figure 8 ). The eddy event discussed here, which is characterized by a change from offshore to onshore current components, a strong increase in plume velocities up to 1.1 m s 21 , a thickening of the plume, and enhanced turbulence, was found to occur about 7 times during the whole moored record, i.e., on weekly time scales (Figure 8 ). Figure  14 exemplary shows a second example of a similar eddy event observed between 18 and 20 July, which compares well with the former discussed eddy event passing the study area about one month earlier ( Figure 9 ).
With respect to our moored velocities we need to keep in mind that the moored instruments are knocked down during strong current speeds. During these times our ADCP time series does reflect on the plume velocity, while occasionally, i.e., during rather moderate plume speeds, the instrument is placed in the interface between the plume and ambient water (Figure 8b) . Nevertheless, the RCM at M2 is placed within the DSO plume during the whole time due to its location further upslope ( Figure 2 ) and close to the seafloor. Here we found similar eddy signatures, i.e., intensified plume speeds with current components changing from downslope to upslope within a day about 10.5 h before the signal is found in the ADCP time series (Figures 9 and 14) . The moored temperature time series suggests that periods of strong eddy events (20 June to 8 July, and 18-27 July) alternate with periods of weak eddy events (9-17 July 2012) (Figure 8 ).
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This may be linked to the meandering motion of the plume; however due to the complexity of the system other processes beyond the scope of this paper may also play a role.
AUV-based measurements during dive B in the interfacial layer above the DSO plume showed that periods of enhanced dissipation rates occurred at the same time as we observed strong temperature variance in the inertial-convective subrange of turbulence at wave numbers between 0.01 and 7 cpm. Our measurements in a less energetic regime implied a wave number dependence characteristic in the inertialconvective subrange of turbulence at wave numbers between 0.04 and 3 cpm. This is consistent with results obtained by the same observing system in a less turbulent environment in the central valley of the MidAtlantic Ridge [Tippenhauer et al., 2015] , where the transition from the inertial-convective to the inertialdiffusive band was revealed to occur at 1 cpm [Tippenhauer et al., 2015] . This might imply that in our study, the transition between the two subranges is shifted to higher wave numbers, as a result of the larger turbulence levels found here. If the transition occurs at a sufficiently large wave number in excess of 7 cpm, then it may simply not have been resolved by the thermistor.
Notably, the low-wave number limit of the inertial-convective subrange in the study by Tippenhauer et al.
[2015] occurred near 0.004 cpm. Here we found a transition to the internal-wave subrange in the least energetic regimes at wave numbers smaller than 0.04 cpm. This favorably compares to the towed observations obtained by Klymak and Moum [2007a] for the upper ocean. The authors point out that turbulence existing at horizontal scales of this size is expected to be anisotropic (with the corresponding vertical scales being significantly smaller than the horizontal ones obtained here), and we highly recommend consulting their excellent review on this matter. Interestingly, they refer to studies by Smyth et al.
[2001], Seim and Gregg Journal of Geophysical Research: Oceans 10.1002/2016JC011653 [1997] and Moum et al. [2003] which all suggest that Kelvin-Helmholtz instabilities should produce turbulence with larger horizontal than vertical scales. Given the large vertical shear in horizontal velocity we observed during the occurrence of strongest dissipation, we expect Kelvin-Helmholtz instabilities to be an important driver of the mixing. This might then also explain the occurrence of the large horizontal scales of turbulence as revealed by the isotherm slope spectra in our study.
Both the vertical high-frequency oscillations of the mooring (Figure 9d ) and the slope spectra (Figure 7) suggest the presence of internal waves. For a two-layer case with reasonable scales of layer thickness, we estimated phase velocities between 0.4 and 0.5 m s 21 for our settings. The role of internal waves in the supply of energy to turbulence in the DSO plume is unknown yet but might be significant. A fair amount of energy from the mesoscale eddies present in the DSO plume could be fluxed into the internal wavefield [e.g., Polzin, 2010], with the latter supplying energy to turbulence. This is supported by Seim and Fer [2011] who observed high levels of energy in the internal wavefield within the thick stratified interfacial layer on top of the Faroe Bank Channel overflow, which shares common characteristics with the DSO plume.
During the descent of the plume the potential energy of the dense plume water is in part converted to eddying, vertically sheared motions (kinetic energy), that laterally advect heat toward the plume. At the same time. it provides a source of mechanical energy to introduce intense vertical mixing. The latter should ultimately result in a decay of the eddies, and the turbulent kinetic energy produced will in part be converted to potential energy. Our observations may be interpreted such that they provide evidence for at least parts of the energy conversions taking place. The eddy-related large velocities (and velocity shear) occurring on a spatial scale of several kilometers coincided with elevated energy found across the internalwave and inertial-convective subranges and beyond.
If entrainment elevated by enhanced turbulence is linked to the passage of mesoscale eddies, the huge spatial-temporal variability of mixing should make the interpretation of a limited number of point measurements of dissipation (as carried out by Paka et al. [2013] ) in terms of entrainment by vertical mixing into the DSO plume rather challenging. Our data unfortunately does not allow us to compute entrainment velocities during AUV dive B, i.e., during the passage of the eddy, when dissipation rates were largest, as measurements were only obtained at one depth level. Neither did Paka et al. [2013] take vertical profiles of dissipation during dive B. The discrepancies between the large-scale approaches of estimating lateral entrainment such as by Voet and Quadfasel [2010] , the small-scale observations of vertical mixing by Paka et al. [2013] and the high resolution ocean model study by Koszalka and Haine [2013] will be partly due to not adequately resolving the processes related to the temperature fluxes (or entrainment velocities) in time and space.
Enhanced Turbulence Driven by Flow-Topography Interaction
Many studies show the occurrence of elevated mixing in (stationary or transient) hydraulically controlled situations on the downstream side of obstacles, close to where the transition from supercritical to subcritical flows takes place (see recent observations in the deep ocean at mid-oceanic ridge systems by Alford et al. [2013] and Tippenhauer et al. [2015] ). Our observations did not resolve the downstream part of the studied topographic elevation where supercritical plume conditions are likely to occur. We instead observed strongly enhanced turbulence upstream of a topographic elevation reaching far above its crest and extending over a vertical scale in excess of the height of the elevation. Studies on tidal flows in fjords encompassing sills relying on both observations and numerical simulations have shown the generation of bores over topography from which trains of internal waves develop that subsequently propagate upstream during the slackening tide [e.g., see Cummins et al., 2003, and references therein] . A possible explanation for the strongly enhanced turbulence observed upstream of a topographic elevation encountered by the DSO plume on the continental slope could be an interaction of the plume with internal gravity waves excited at the upstream side of the elevation. Legg [2014] investigated the spatial patterns of turbulent dissipation arising from the breaking of low-mode internal waves at isolated topography. The author varied both the crest height and the steepness of the topographic slope relative to the slope of the group velocity of the internal waves impinging onto the topography. For some of the parameter settings, the spatial patterns of dissipation share remarkable similarities with the observations from the elevation shown in this study, with dissipation being most pronounced on that side of the isolated topography, onto which the internal wave impinges, and with the area of elevated dissipation extending well above the crest. This is the case also for relatively small crest heights
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(compared to water depth). For the quasi-stationary DSO plume (over the 6 h period of our observations) this may suggest that internal waves were generated or reflected at the elevation and subsequently propagated upward and upstream (i.e., against the mean flow) where they might become arrested by the counter-flow and eventually break to cause the observed elevated turbulence on the upstream side of the topographic elevation. The reduced level of turbulence downstream of the elevation could imply that the waves are eroded by the mean flow. Alternatively, the flow may indeed have been turbulent downstream (likely due to supercritical conditions) with the AUV not resolving this situation as no leg was carried out close to the seafloor downstream of the topographic elevation. Our observations are certainly not ideal to resolve the vertical distribution of turbulence downstream of the elevation. The analysis is further limited because there are no observations in the cross plume direction across the topographic elevation. In order to gain a better insight and test the stationarity of the observed feature, there would be the need for higher temporal-spatial resolution observations in the vicinity of such topographic elevations.
Conclusion
The operation of a horizontally profiling AUV made it possible to carry out measurements of small-scale time and space variability of hydrographic properties, velocity, and turbulent kinetic energy in the interfacial layer above the DSO plume about 180 km downstream from the sill in Denmark Strait. The AUV-based data set showed two major events of strong temperature fluctuations and enhanced dissipation rates of O(10
26
) W kg
21
.
The first turbulent event was linked to the passage of an energetic eddy with the AUV most likely encountering the trailing edge of it. Enhanced dissipation rates of O(10 26 ) W kg 21 were observed compared to O(10 29 ) W kg 21 at the beginning of the dive. The high dissipation coincided with high small-scale horizontal temperature variances. High turbulent mixing was also suggested based on both lowered CTD/ADCP measurements of critical Ri numbers and large vertical shear of horizontal velocity, and pronounced highfrequency temperature and pressure fluctuations observed by moored instruments. In addition, moored velocity data indicated the advection of ambient water toward the shelf. Consequently, both the onshore advection of ambient water by the eddy and the vertical mixing seemed to act in concert causing an efficient entrainment of ambient water through the interfacial layer into the DSO plume. We propose that the vertical mixing was induced by the large vertical shear of horizontal velocity of this bottom-intensified eddy. It remains to be seen in future analyses, how representative our observations for the occurrence of this type of eddies are. If bottom-intensified eddies are found to occur frequently on the offshore edge of the plume, they might represent an efficient mechanism for the warming of the plume as they accomplish both the lateral advection and vertical mixing.
The horizontal scales of temperature variability during the passage of the eddy ranged from the lowest observed scales of 0.05-500 m. Isotherm displacement slope spectra were computed. They clearly revealed the characteristic slope of the inertial-convective subrange of turbulence in the wavelength range between 0.14 and 100 m. The transition to the inertial-diffusive subrange was, if at all, only detected during low turbulence. The slopes of the spectra were very consistent with each other for low, moderate and strong dissipation with the amplitude of the spectra varying according to the levels of dissipation.
The second turbulent event was observed upstream of a topographic elevation of about 100 m height and somewhat less than 2 km horizontal extent. Here the cold, and fresh plume water was observed to intrude into the overlying warm and saline ambient water. It seems that the localized turbulent patch was not advected downstream by the fast flowing plume (featuring flow speeds near 0.6 m s 21 ) but kept its position on the upstream side of the elevation for the duration of at least 6 h. Elevated dissipation rates suggest that the flow-topography interaction may cause vertical mixing here. Accordingly, vertical entrainment velocities estimated from the vertical distribution of dissipation along the plume axis yielded maximum values on the upstream side of the elevation. The topographic elevation was not adequately represented in global highresolution satellite-based topographic datasets such as ETOPO1. If a larger number of such undetected elevations, with similar possibly locally enhanced, quasi-stationary turbulent mixing exist along the pathway of the DSO plume, one may speculate that taken together they might significantly contribute to the entrainment of warm ambient water into the DSO plume by vertical mixing. The processes that establish the mixing upstream of the elevation rather than in the wake of it, are yet to be explored.
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The enhanced dissipation observed by the AUV in the vicinity of a topographic elevation and near the edge of an eddy imply that entrainment by diapycnal fluxes will be intermittent in space and time. Nevertheless, if the observed features can be shown to be robust, they highlight mechanisms of significant localized entrainment of ambient water into the DSO plume. In future work, it should be studied whether these mechanisms are sufficient to explain the increase in the DSO plume in terms of both temperature and volume transport on its way downstream from the sill in Denmark Strait along the continental slope of Greenland. We are hopeful, that our observations may inform and stimulate both process-based and regional ocean numerical modeling experiments that might help to evaluate the importance of the highlighted mechanisms for sustaining the deep limb of the AMOC.
